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Abstract

Objective: This study aimed to determine whether serum vitamin D is independently
associated with COVID-19 infection and outcomes in patients with COVID-19.
Methods: We identified relevant studies by searching the PubMed, Embase, and
medRxiv databases from December 2019 to October 1, 2020. Odds ratios (ORs) were
pooled using random-effects models. Only reports with multivariate adjusted results
were included to avoid the impact of potential confounding factors.

Results: A total of six studies with 377,265 patients were identified. Overall, in the
categorical analysis, a low serum vitamin D level was associated with an increased
risk of COVID-19 infection (OR: 1.47, 95% CI: 1.09- 1.97, 12=81%), hospitalization
(OR: 1.83, 95% CI: 1.22-2.74, 12=0%), but not in-hospital death (OR: 2.73, 95% CI:
0.27-27.61). Notably, when vitamin D level was analyzed as a continuous variable,
each 5 ng/ml increase in vitamin D level was not associated with any increased risk of
COVID-19 infection (OR: 1.04, 95% CI: 0.96-1.12, 12=74%) or in-hospital death (OR:
1.02, 95% CI: 0.93-1.12).

Conclusons: Low serum vitamin D is associated with an increased risk of
COVID-19 infection and hospitalization. In-hospital death showed a tendency to be
increased in COVID-19 patients with low vitamin D levels. The ongoing clinical trials
for evaluation of vitamin D supplementation will be key to the validation of this

adjunctive treatment for COVID-19 patients.
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I ntroduction

Recent studies have highlighted that mean plasma vitamin D level is significantly
lower among those who tested positive for COVID-19 than among those who tested
negative[1]. Rhodes et a.[2] found that all countries that lie below 35 degrees north
latitude have relatively low mortality for patients with COVID-19. These results
suggest that low levels of vitamin D may be associated with increased COVID-19
infection rates and worse outcomes in COVID-19. Consistently, several studies have
reported that serum vitamin D deficiency is associated with an increased risk of
COVID-19 positivity and worse outcomes (e.g., severe COVID-19 and in-hospital
death)[3-5]. For example, in Radujkovic's cohort (N=198), vitamin D deficiency was
associated with a higher risk of invasive mechanical ventilation and/or in-hospital
death (HR: 6.12, 95% CIl: 2.79-13.42 and HR: 14.73, 95% CI. 4.16-52.19,
respectively)[5]. However, a larger cohort-based study from the UK Biobank showed
a positive association between serum vitamin D concentration and severe COVID-19
infection (per 10 nmol/L vitamin D, HR: 0.93; p<0.001) and mortality (per 10 vitamin
D nmol/L, HR: 0.92; p=0.016) in univariate analysis, but not after adjustment for
confounders (COVID-19 infection HR: 1.00; p=0.89; mortality HR: 0.98; p=0.69)[6].
Similarly, two other studies also found no association between vitamin D level and
COVID-19 positivity[7, 8]. Therefore, the impact of vitamin D on COVID-19 is still
controversial, and a definite conclusion has not yet been drawn. We therefore aimed to
conduct a meta-analysis to clarify the association between serum low vitamin D and

COVID-19.
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Methods
This study was performed according to Preferred Reporting Items for Systematic

reviews and Meta-Analyses Statement (PRISMA) guidelines.

Literature Search and study Selection

Two authors independently searched several databases (PubMed, Embase, medRXxiv)
using the following two groups of keywords with no language restrictions:
2019-novel coronavirus, SARS-CoV-2, COVID-19, 2019-nCoV, and vitamin D. In
addition, we searched the reference lists of other relevant publications to identify
further studies. Inclusion criteria were as follows: 1) human studies, not laboratory or
animal studies, that were published as original articles; 2) case-control study or cohort
study; 3) reports with multivariate analyses with estimate effect (odds ratio) and its
95% confidence intervals (Cls) results that reported vitamin D and COVID-19 (e.g.,
COVID-19 infection risk, severity, and in-hospital death). When multiple papers
reporting on the same study were identified, the most informative or complete article
was included.

Data extraction and statistical analysis

Two authors independently extracted all data from included studies. In cases of
discrepancies, disagreement was resolved by collegial discussion. The following
information was extracted: first author, country, publication year, gender, mean or
median age, study design, sample size, vitamin D level, OR or RR with the 95% CI

for each category (results adjusted according to most potential confounders), and
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adjusted variables.

Odds ratios (ORs) were pooled using random-effects models. We calculated
study-specific slopes (vitamin D per 5 ng/ml decrement) and 95% Cls from the
natural logs of the reported RRs and Cls across categories of vitamin D level[9, 10].
Cochran Q and 12 statistics were used to detect statistical heterogeneity between
studies. The overal quality of included studies was assessed by Newcastle-Ottawa
quality assessment scale (NOS), with a NOS score of >6 stars was regarded as
high-quality[11]. All statistical analyses were conducted by using Review Manager
version 5.3 (The Cochrane Collaboration 2014; Nordic Cochrane Center Copenhagen,
Denmark). All statistical tests were double-sided, and P < 0.05 was considered
statistically significant.

Results

Study selection

As shown in Figure 1, we identified 486 studies in the initial database search. After
removing duplicates(n = 257) and studies with insufficient information on vitamin D
and COVID-19, atotal of six[3-6, 12, 13] studies with 377,265 patients remained.
Study characteristicsand quality

Each study is listed in Table 1. Four[3, 6, 12, 13] studies reported vitamin D levels
and COVID-19 poasitivity, and four[3, 5, 6, 12] reported the association of vitamin D
levels and COVID-19 outcomes. Of the six studies, 3 were cohort studies and 3 were
case-control cohort studies. Most of studies (n = 3) were performed in USA, 1 was

performed in UK, 1 in Israel and 1 in Germany. The overall quality of included
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studies was high (NOS score > 6)(Table 1).

Theeffect of vitamin D level on COVID-19

Overdll, in the categorical analysis, low serum vitamin D level was associated with
increased risk of COVID-19 infection (OR: 1.47, 95% CI: 1.09-1.97, 12=81%),
hospitalization (OR: 1.83, 95% ClI: 1.22-2.74, 12=0%) but not in-hospital death (OR:
2.73, 95% CI: 0.27-27.61) (Figure 1.A). When vitamin D level was analyzed as a
continuous variable, each 5 ng/ml increase in vitamin D level was not associated with
an increased risk of COVID-19 positivity (OR: 1.04, 95% CI: 0.96-1.12, 12=74%) or
in-hospital death (OR: 1.02, 95% ClI: 0.93-1.12) (Figure 1.B). The publication bias of
POAF was not conducted as limited studies (N<10) according to the guidelines [14].
Discussion

To the best of our knowledge, this is the first meta-analysis to investigate the
association between serum vitamin D and COVID-19 positivity rates and outcomes in
patients with COVID-19. Our results showed that low vitamin D independently
increased the risk of COVID-19 infection and hospitalization by 47% and 83%,
respectively. However, we did not find a significant positive association between low
vitamin D and in-hospital death (P=0.56). Considering the limited number of studies
in the present study, more studies with a larger sample size are needed to verify these
results. Several studies have found a positive correlation between mean serum vitamin
D levels and the number of in-hospital deaths caused by COVID-19 cases and
mortality in European countries[2, 15, 16]. In another study with a small sample size

(N=46), a survival anaysis outlined that patients with severe vitamin D deficiency
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(<10 ng/ml) had a 50% increase in mortality probability compared with patients with
vitamin D >10 ng/mi[17]. Furthermore, Mendy et al.[4] also found that vitamin D
increased the risk of severe COVID-19 risk and ICU/in-hospital death in multivariate
analysis. Another study reported that vitamin D insufficiency increased the risk of
IMV/in-hospital death by 5.75-fold after adjusting for age, gender, and
comorbidities[5]. Therefore, whether vitamin D insufficiency increases the severity of
the disease and consequently the risk of in-hospital desth is till controversial. More
studies adjusted for clinical cofounders are needed to clarify this issue in future
research.

Notably, we found that the results for vitamin D level analyzed as a categorical
variable and as a continuous variable are inconsistent. Apart from the limited number
of studies included in the continuous analysis, we speculate that this might be
explained by a nonlinear dose-response relationship between serum vitamin D and
COVID-19. Such a nonlinear dose-response relationship between vitamin D and
disease susceptibility/severity is common[18-20], reflecting a significant differencein
the effects of high vitamin D and low vitamin D levels on COVID-19. Therefore, a
linear model (continuous variable) may be unable to actually detect the impact of low
vitamin D on COVID-19.

There are severa potential underlying pathophysiological mechanisms for the
association between serum vitamin D deficiency and COVID-19. First, various
studies have shown the antiviral activities of vitamin D through effects on dendritic

cells and T celg2l]. A metaanalysis of randomized controlled trials also
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demonstrated that vitamin D treatment for patients with vitamin D deficiency can
reduce viral respiratory infections, among which coronaviruses are common causative
organisms[22]. Another vital mechanism might be the inhibition of the
renin-angiotensin-aldosterone system (RAAS). Our previous meta-analyses have
suggested that ACEI/ARB treatment by inhibiting RAAS might reduce COVID-19
infection and improve outcomes in patients with COVID-19[23]. Vitamin D could
inhibit AT-1R and stimulate ACEZ2, thus inhibiting inflammatory responses, including
limiting the inflammatory cytokine storm (e.g., IL-6, TNFu)[24].

Based on the positive association between vitamin D deficiency and COVID-19, it is
reasonable to suggest that vitamin D supplementation might reduce the risk of
COVID-19 infection and improve outcomes in patients with COVID-19. The benefits
of vitamin D supplementation in people who are vitamin D deficient are known to
include reducing other viral respiratory infections (e.g., respiratory syncytia virus and
influenza infection). Furthermore, a meta-analysis of individual participant data also
showed that vitamin D supplementation substantially reduced the severity of
COPD[25]. Therefore, we hypothesize that vitamin D supplementation might be
useful to reduce the incidence and burden of COVID-19. However, there are no
published articles that assess the effect of vitamin D supplements on COVID-109.
Ongoing clinical trials (e.g., NCT04407286 and NCT04482673) for the evaluation of
vitamin D supplementation will be key to the validation of this adjunctive treatment
for COVID-19 patients[24].

Study Limitations:
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The present meta-analysis has severa limitations. There is high heterogeneity in our
meta-analysis, which might derive from the study design and variability in baseline
characteristics. For example, several studies have shown that the mortality rate for
black patients is higher than the rate for white COVID-19 patients[26, 27]. Second,
many factors can modulate vitamin D status, including genetic polymorphisms, age,
hedlth, sun exposure behavior, season, and so on[21]. Although we only included
studies that performed multivariable analysis, some potential risk factors were not
fully adjusted, which might also have affected our results. Therefore, further research
might adjust for additional confounding factors.

Conclusion

Low serum vitamin D is associated with an increased risk of COVID-19 infection and
hospitalization. In-hospital death showed a tendency to be increased in COVID-19
patients with low vitamin D levels; however, this trend did not reach statistical
significance, which might be due to the small sample size. Further larger studies
controlling for confounding factors are needed to investigate the association between
low vitamin D and COVID-19 related death. The ongoing clinical trials for evaluation
of vitamin D supplementation will be key to the validation of this adjunctive
treatment for COVID-19 patients.
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Figurelegend
Figure 1. Forest plot showing the association between serum vitamin D level and risk
of COVID-19 positivity, hospitalization, and in-hospital death in patients with
COVID-19.
A: Vitamin D analyzed as a categorical variable; B: Vitamin D anadyzed as a
continuous variable (per 5 ng/ml decrement).
Abbreviations: COVID-19, coronavirus disease 2019; OR, odds ratio; Cl, confidence

interval; 1V, inverse variance; SE, standard error.
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3_1_1 < 20ng/ml It is made avallable under a CC-BY-NC-ND 4.0 Internatlonal Ilcense
Chang,2020 0.58778666 0.11530233 27.3% 1.80 [1.44, 2.26] -
Hastie,2020 0.0583 0.08868509 29.2% 1.06 [0.89, 1.26] ™
Meltzer,2020 0.57097955 0.2335 18.3% 1.77 [1.12, 2.80] =
Subtotal (95% Cl) 74.8%  1.47[0.98,2.21] <
Heterogeneity: Tau? = 0.11; Chi2 = 14.93, df = 2 (P = 0.0006); I> = 87%
Test for overall effect: Z = 1.85 (P = 0.06)
3.1.2 <30 ng/ml
Merzon,2020 0.4055 0.14308143 25.2% 1.50 [1.13, 1.99] -
Subtotal (95% Cl) 25.2% 1.50 [1.13, 1.99] <>
Heterogeneity: Not applicable
Test for overall effect: Z = 2.83 (P = 0.005)
Total (95% CI) 100.0% 1.47 [1.09, 1.97] o>
o 2 = . Chi2 = = = .12 = 819 I } t i
Heterogeneity: Tau? = 0.07; Chi? = 15.54, df =3 (P = 0.001); I>=81% 0.05 0.2 1 5 20

Test for overall effect: Z =2.54 (P = 0.01)

Favour low vitamin D Favour high vitamin D
Test for subaroup differences: Chi2 =0.01.df =1 (P =0.93). 2= 0% 9

Hospitalization
Odds Ratio Odds Ratio
tudy or Subgrou log[Odds Ratio E Weight IV, Random, 95% CI 1V, Random, 95% CI
3.4.1 < 20ng/ml
Meltzer,2020 0.57097955 0.25697545 64.4% 1.77 [1.07, 2.93] i
Subtotal (95% CI) 64.4% 1.77 [1.07, 2.93] N
Heterogeneity: Not applicable
Test for overall effect: Z = 2.22 (P = 0.03)
3.4.2 < 30 ng/ml
Merzon,2020 0.66782937 0.34579661 35.6% 1.95[0.99, 3.84] L
Subtotal (95% CI) 35.6% 1.95[0.99, 3.84] ~i
Heterogeneity: Not applicable
Test for overall effect: Z =1.93 (P = 0.05)
Total (95% CI) 100.0%  1.83[1.22, 2.74] -
e 2 = - Chi2 = = = .12 = 0Y I } t !
Heterogeneity: Tau? = 0.00; Chiz=0.05, df =1 (P = 0.82); I? = 0% 0.05 02 1 5 20

Test for overall effect: Z =2.94 (P = 0.003)
Test for subaroup differences: Chi? = 0.05. df =1 (P = 0.82). 12 = 0%

Death

Study or Subgrou
3.2.1 < 20ng/mi

Favour low vitamin D Favour high vitamin D

Odds Ratio
IV, Random, 95% CI

Odds Ratio

log[Odds Ratio SE Weight IV, Random, 95% CI

Hastie,2020 0.01980263 0.15555244 59.1% 1.02[0.75, 1.38]
Radujkovic,2020 242214433 1.03496401 40.9%  11.27 [1.48, 85.68] I
Subtotal (95% ClI) 100.0% 2.73[0.27, 27.61]

Heterogeneity: Tau? = 2.34; Chi?=5.27,df =1 (P = 0.02); = 81%
Test for overall effect: Z = 0.85 (P = 0.40)

0.05 0.2 1 5 20
Favour low vitamin D  Favour high vitamin D

Test for subaroup differences: Not aoplicable

A.Forlest plot showing the association between vitamin D
and COVID-19, category variable

Postive COVID-19

r I 1 Rati E Weigh

Odds Ratio
IV. Random, 95% Cli

Odds Ratio
IV, Random, 95% CI

Chang,2020 -0.01005034 0.03261055 36.0%
Hastie,2020 0 0.02286024 40.9%
Merzon,2020 0.16894376 0.05961726 23.1%

Total (95% CI) 100.0%

Heterogeneity: Tau? = 0.00; Chi? = 7.66, df = 2 (P = 0.02); I>=74%
Test for overall effect: Z = 0.88 (P = 0.38)

Death

0.99 [0.93, 1.06]
1.00 [0.96, 1.05]
1.18 [1.05, 1.33] -

1.04 [0.96, 1.12]

0.05 0.2 1 5 20
Favour low vitamin D  Favour high vitamin D

Odds Ratio Odds Ratio

—Study or Subgroup  log[Odds Ratio] =~~~ SE Weight IV, Random. 95% Cl IV. R % Cl

Hastie, 2020 0.0202027 0.04698787 100.0%

Total (95% CI)
Heterogeneity: Not applicable
Test for overall effect: Z = 0.43 (P = 0.67)

100.0%

1.02 [0.93, 1.12]

1.02 [0.93, 1.12]

0.01 0.1 1 10 100
Favour low vitamin D Favour high vitamin D

B. Forlest plot showing the association between vitamin D
and COVID-19, Contionous variable, per 5 ng/ml increment
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Table 1. Basic characteristics of included articlesin the meta-analysis.

Authpr, . Stuply Sour ce of Mean age Expose level 4 Adjustment for Study
publication design, . (years), o OR (95% CI) .
patients of vitamin D confounders quality
year, country  Follow up male (%)
Chang, 2202,  Case-control TheUCLA 26,602 49, 44 Positive COVID-19 Age and sex, coronary 6 scores
USA Health Per 5 ng/ml 0.99 (0.88-1.0) heart disease,
System <20 ng/mi 1.80(1.4-2.2) congestive heart failure,
>20 ng/ml ref chronic obstructive
pulmonary disease, type
2 diabetes,
hyperlipidemia,
hypertension, obesity,
and chronic renal
disease
Hastie, 2020, Prospective UK 341,48 49,48 Positive COVID-19 Age, sex, ethnicity, 7 scores
UK cohort study  Biobank 4 Per 10 nmol/L  1.00 (0.96-1.05) month of assessment,
<20 ng/ml 1.06 (0.89-1.26) Townsend deprivation
>20 ng/ml Ref quintile, household
income, BMI category,
Death smoking status,
Per 10 nmol/L  0.98 (0.91-1.06) diabetes, systolic blood
<20 ng/ml 1.02 (0.75-1.38) pressure, diastolic
>20 ng/ml Ref blood pressure,

self-reported health
rating, and
long-standing illness,
disability or infrmity
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Merzon,2020, Case-control  Leumit 7,807 4341 Positive COVID-19 Age, gender, SESand 6 scores
Israel Health <30 ng/ml 1.50(1.13-1.98) chronic, mental and
Services >30 ng/ml Ref physical disorders
database
Hospitalization
<30 ng/ml 1.95(0.99-4.78)
>30 ng/ml Ref
Meltzer, 2020, Retrospective University 498 49,25 Positive COVID-19 Age, sex, ethnicity, 7 scores
USA cohort study  of Chicago <20 ng/ml 1.77(1.12-2.81) race, employee status.
Medicine >20 ng/ml Ref hypertension, diabetes,

chronic pulmonary
disease, pulmonary
circulation disorders,
depression, chronic
kidney disease, liver
disease, comorbidities

with
imMMmunosuppression,
BMI
Mendy, 2020, Case-control ~ University 689 49,53 Hospitalization Age, gender, 6 scores
USA of <20 ng/mi 1.77(1.07-2.93) race/ethnicity, and
Cincinnati >20 ng/ml Ref smoking,
health
system
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Radujkovic,20  Retrospective Medical 185 60,51 Death Age, gender, and any 7 scores
20, Germany  cohort study  university <20 ng/ml 11.27 (1.48-85.55) comorbidities

Hospital of >20 ng/ml Ref

Heidelberg

OR = odd ratio; BMI = body mass index; UCLA = University of CaliforniaLos Angeles; UK= United Kingdom; SES = residential socioeconomic status
# hazard ratio, and incidence rate ratio were treated as odd ratio
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